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Chordal rupture
I: Aetiology and natural history
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suMMARY Between 1970 and 1981, 12% of patients undergoing mitral valve surgery were found to
have chordal rupture. Spontaneous or primary rupture accounted for 74-6% of patients (primary
group); in the remainder (secondary group) chordal rupture complicated chronic rheumatic valvular
disease (8.9%), bacterial endocarditis on both normal (8.5%) and rheumatic valves (4.70/%), ischaemic
heart disease (2-3%), acute rheumatic fever (0.5%), and osteogenesis imperfecta (0.5%). Isolated
posterior rupture was seen most frequently (54%), with anterior rupture in 36% and rupture of both
mitral cusps in 10% of patients. A short symptomatic history of acute mitral regurgitation was rare,
occurring in only 4% of patients in either the primary or secondary groups, suggesting that mitral
regurgitation due to ruptured chordae is a progressive disease. In contrast to previous reports the
clinical presentation did not help to differentiate the aetiology of the chordal rupture.

Rupture of the chordae tendineae of the mitral valve
was first described by Corvisart in 1806.1 Pure mitral
regurgitation itself was initially regarded as an
uncommon disease2 and ruptured chordae tendineae a
rarity as a cause, with only occasional case histories
and reports of small series being published ini-
tially.3-'2 In the past 20 years the condition has been
increasingly recognised and larger series have been
reported.' 3-22 Later reports have found ruptured
chordae to be the second commonest,23 or leading,24
cause of pure mitral regurgitation.
As the importance of ruptured chordae has become

increasingly recognised so have ideas about the aetiol-
ogy evolved. Initially, it was thought that bacterial
endocarditis was the major cause,'3 17 often on the
basis of rheumatic heart disease (the first case
described by Corvisart was probably due to endocar-
ditis). Sanders et al. 22 also reported a case following
non-bacterial endocarditis. The importance of
rheumatic heart disease alone as a cause was also soon
established.8 Much less often ruptured chordae have
been reported in acute rheumatic fever,25 after blunt
trauma9 26 or surgery,6 27 in Marfan's28 and the
Ehlers-DanIos22 syndromes, osteogenesis imper-
fecta,29 systemic lupus erythematosus,30 congenital
heart disease,23 hypertrophic obstructive car-
diomyopathy,3' systolic click-late systolic murmur
(mitral valve prolapse) syndrome,32 and in association
with pregnancy.33 Acute myocardial infarction,
although usually causing mitral regurgitation by
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papillary muscle dysfunction or rupture,3435 may also
present with ruptured chordae.222336 In addition,
coronary artery disease without infarction has been
reported in association with chordal rupture.37 Aortic
regurgitation,2238 pre-existing unrelated mitral reg-
urgitation,'6 or any cause of left ventricular volume
overload are thought in some cases to lead to chordal
rupture by increased strain and stretching of previ-
ously normal chordae. Chordal rupture may also be
seen in association with left atrial myxoma as a result
of the "wrecking ball" action of the tumour.39

Spontaneous chordal rupture was first described in
19347 and has assumed increasing importance since
then. The concept of primary spontaneous chordal
rupture as distinct from ruptured chordae secondary
to the causes given above was developed in 1967 by
Selzer et al. 20 and Auger and Wigle.40 In recent series
spontaneous chordal rupture has been found to be the
commonest type.244'

In this paper we have reviewed the recent surgical
experience of ruptured chordae at this hospital in
order to illustrate the present natural history of the
condition in the light of the above concepts.

Patients and methods

The case records of all patients found to have rup-
tured chordae at open heart surgery for mitral regur-
gitation in the years 1970-81 inclusive were reviewed.
Only cases documented at operation were included, as
mitral regurgitation due to prolapsing mitral leaflets
may be indistinguishable-both from the history and
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Table Aetiology, clinical details, and surgicalfindings in 213 patients with chordal rupture

Aetiology No(%) of Age Sex With atrial Cusps affected
patients (mean t fibriaeion Anterior Posterior Both

SD, years) M F_____

No % No % No % No %

Spontaneous rupture 159 (746) 59±11 91 68 58 36 50 31 98 62 11 7
Chronic rheumatic disease* 19 (8-9) 51±15 3 16 14 74 8 42 8 42 2 11
Subacute bacterial endocarditis
Normal valve* 18 (8-5) 48±19 6 12 3 17 9 50 3 17 5 28
Rheumatic valve 10 (4-7) 41 ± 12 2 8 6 60 8 80 1 10 1 10

Ischaemic heart disease 5 (2-3) 67±5 4 1 3 60 0 0 4 80 1 20
Acute rheumatic fever 1 (0-47) 4 0 1 0 0 1 0 0
Osteogenesis imperfecta 1 (0-47) 63 1 0 0 0 0 0 1

* In one (5%) patient the cusp affected was not stated.

the clinical examination-from regurgitation due to
ruptured chordae.41

In view of the difficulties of obtaining adequate data
in a retrospective survey certain aspects were not
analysed but reviews of the physical signs,42 radiolog-
ical appearances,4344 and haemodynamic variables
appear elsewhere.4045

Results

During the period 1970-81, 213 patients (106 women
and 107 men) came to surgery with ruptured chordae
tendineae. Mean age at the time of presentation was
56 (range 4-78) years. In the same period a total of
1833 patients underwent surgery for all forms of
mitral valve disease; thus chordal rupture accounted
for 12% of patients undergoing mitral valve surgery.

AETIOLOGY
The Table shows the causes of the chordal rupture.
Spontaneous or primary rupture accounted for 74-6%
of patients (primary group), secondary rupture occur-
ring in the remaining 54 patients (secondary group).
Nineteen patients with chronic rheumatic mitral valve
disease were found to have chordal rupture at the time
of surgery. Of this subgoup, 15 (80%o) had previously
undergone closed mitral valvotomy. In 18 patients
(8-5% of the total) documented bacterial endocarditis
resulted in chordal rupture on a previously normal
valve. In 10 patients bacterial endocarditis affected a
rheumatic valve causing predominant mitral regurgi-
tation. Endocarditis was caused by several organisms
including Streptococcus viridans, Streptococcus faecalis,
Staphylococcus aureus, and Q fever. The remaining
causes of chordal rupture were related to ischaemic
heart disease (5), acute rheumatic carditis (1), and
osteogenesis imperfecta (1).

AGE AND SEX
Patients with spontaneous rupture were predomi-
nately men (ratio 1-3:1), with a mean (+SD) age of
59±11 years (Table). In the groups with chronic

rheumatic disease, bacterial endocarditis (normal
valve), and bacterial endocarditis (rheumatic valve)
the age ranges (mean±+SD) were not statistically dif-
ferent (51±15, 48±19, and 41±12 years respec-
tively). Women were affected more commonly than
men in all these groups. Patients who had had an
acute myocardial infarction with subsequent chordal
rupture were significandy older than all other patients
(mean±SD, 67±5 years, p<0-01), with a predomi-
nance of men (Table).

RHYTHM
The Table also shows the incidence of atrial fibrilla-
tion. This ranged from 170/o74% in the different
groups, being most frequent in the patients with
chronic rheumatic mitral valve disease. Overall, of
213 patients, 84 (39%) were in atrial fibrillation, 128
(60%) were in sinus rhythm, and one was in complete
atrioventicular block.

SYMPTOMS
All patients presented with dyspnoea on effort, often
with associated palpitations. At surgery 56% of
patients were in New York Heart Association func-
tional classes III and IV. Subjective exercise assess-
ment was identical for the primary and secondary
groups (56% of patients in classes III and IV). The
duration of symptoms was wide, ranging from a few
days in one patient to more than 10 years in another
who had had progressive dyspnoea on effort for 30
years (Figure). Most patients had symptoms for
between one month and one year before presentation;
again the data for the primary and secondary groups
were similar.

CUSPS AFFECTED
In the whole series of patients isolated posterior chor-
dal rupture was seen most often (54%), with anterior
rupture present in 36%, and rupture of the chordae to
both cusps least often (10%). In the primary group
posterior rupture was seen in 62% of patients whereas
in the secondary group it accounted for only 30% of
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patients. In two (0-90/%) patients the cusp affected was
not stated by the surgeon (Table).

Discussion

Mitral regurgitation caused by ruptured chordae ten-
dineae forms a small proportion of surgically treated
mitral valve disease. The present series is not a com-

plete record of all cases of chordal rupture seen in the
period stated in at least two ways. Firstly, any cases of
incidental chordal rupture found at operation for
lesions other than mitral regurgitation have not been
included. Secondly, there were several patients inves-
tigated during this period who were thought to have
chordal rupture but whose symptoms were not severe

enough to warrant surgery. This state of "compen-
sated" chordal rupture has been recognised for some

time,20 but in view of the difficulties in making the
diagnosis with certainty without direct inspection of
the valve these cases have also been excluded. The
remaining 213 cases seen over 11 years are, however,
representative of a recent population presenting for

surgery with haemodynamically significant chordal
rupture.
The present series confirms the increasing impor-

tance of spontaneous (or primary) chordal rupture. In
an early report,'3 only 20% of patients had spontane-
ous rupture. Nevertheless, spontaneous rupture
accounted for 680/o of cases in more recent series23 and
was present in 75% of our patients. It seems unlikely
that the decreasing incidence of rheumatic fever is the
full explanation for this apparent change in aetiology.
Furthermore, there has been no appreciable
improvement in the morbidity and mortality associ-
ated with bacterial endocarditis during this period.
The aetiological basis of spontaneous chordal rup-

ture is still unclear, but it probably results from
abnormalities of collagen synthesis and degradation.
Caulfield et al. 46 found focal dissolution of elastin and
collagen in both ruptured and non-ruptured chordae,
valve tissue, and regions of chordae remote from the
site of rupture. Kastor et al.47 noted a particularly
high incidence of paravalvular leaks after mitral valve
replacement for ruptured chordae and speculated that
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this might be due to a generalised weakness of the
tissues. It has also been suggested that myxomatous
transformation leading to floppy valves with or with-
out chordal rupture may represent a forme fruste of
the Marfan syndrome,48 and the connection between
the myxomatous floppy mitral valve and chordal rup-
ture is well established.49 Another histological
study,50 however, found that changes of oedema and
necrosis of collagen with endothelial loss were
confined (with one exception) to the region of rup-
ture, and these authors suggest that this relative nor-
mality of remaining tissue provides some theoretical
justification for mitral valve repair as opposed to
replacement.
As reported previously by most,202342 but not

all,21 workers there was a higher incidence of rup-
tured chordae to the posterior leaflet in the spontane-
ous group. Although the detailed arrangement of the
chordae is very variable, there is some anatomical
basis for the predominance of posterior chordal rup-
ture. Despite the larger area of the anterior mitral
leaflet, it is tangential to systolic flow and hence liable
to less stress than the posterior leaflet which is per-
pendicular to flow during systole. The anterior leaflet
is also attached to the central fibrous body which is a
semirigid structure and forms part of the axial skele-
ton of the heart. Furthermore, the anterior mitral
leaflet often has two large thick "strut" chordae5'
whereas those to the posterior leaflet are short and
thin.
The incidence of chordal rupture in patients with

chronic rheumatic mitral valve disease is higher than
reported previously; in part, this may reflect the
changing pattern of cardiac surgery in that 80% of
these patients had undergone previous closed mitral
valvotomy, which may occasionally result in chordal
rupture. In patients with a floppy mitral valve bacter-
ial endocarditis tends to result in chordal rupture of
the posterior cusp whereas in bacterial endocarditis on
normal or rheumatic valves the anterior cusp is most
commonly affected, with chordal rupture often occur-
ring in association with cusp perforation.

Rarely, ischaemic heart disease is associated with
chordal rupture. The papillary muscles are supplied
by end arteries,52 and acute myocardial infarction
results in papillary muscle dysfunction br, less fre-
quently, papillary muscle rupture. By contrast the
chordae tendineae are avascular structures, although
in the normal mitral valve a small proportion of chor-
dae show a muscle core throughout their length, par-
ticularly to the anterior CUSp.53 In most instances
ischaemic chordal rupture is a misnomer since the site
of the dehiscence is through the fibrous tip of the
papillary muscle at the point of chordal insertion, and
at surgery (or necropsy) this may be morphologically
and histologically indistinguishable from true chordal

315

rupture. Ischaemic rupture of the body of a chorda
remote from a papillary muscle is very rare, but it has
been reported in a "muscularised" chorda.S4 In most
cases of chordal rupture the aetiology can be deter-
mined by direct inspection of the valve by an experi-
enced surgeon or pathologist. In a few patients the
aetiology is unclear from the naked eye appearance of
the valve, and in these cases histology and electron
microscopy are often non-contributory.

Data from this study lend support to the concept of
a distinct group with spontaneous chordal rupture
(Table). In the spontaneous group men predominated
(570/%), although this was not as pronounced as in the
study of Selzer et al. 20 The prevalence of spontaneous
chordal rupture in men suggests that the aetiology
may be different from mitral valve prolapse, which is
seen more often in women, and may be associated
with chordal rupture. As expected, rheumatic groups
(with and without bacterial endocarditis) showed a
predominance of women whereas in the ischaemic
group men were more commonly affected. The inci-
dence of atrial fibrillation is in accord with previous
experience, being generally lower in the primary
group. Although the ischaemic group was older than
the others, there was no significant age difference
between the remainder of the secondary groups.
Other workers have found that patients in the spon-
taneous rupture group have a narrower age range and
are generally older than those in the secondary
groups.20 23

The acute presentation of patients with chordal
rupture on a previously normal valve has been
emphasised in published reports.'7 1940 In the present
series the duration of symptoms was similar in the
primary and secondary groups (Figure), and a short
symptomatic history of less than one month was rare
in both groups, accounting for only 4% of all patients.
This suggests that the initial event is rupture of a few
chordae only, which is well tolerated. In time further
chordae rupture as a result of increased stress placed
on the remaining chordae and the associated prolapse
of a segment of the affected cusp. Thus mitral regur-
gitation becomes more severe to the extent that the
patient becomes symptomatic.

Further aspects of the surgical treatment of chordal
rupture are reviewed in part II of this paper.

We thank Professor M J Davies for helpful advice
during the preparation of this paper.
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